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ABSTRACT 



A transient surge suppression system utilizes a negative 
resistance voltage breakdown device such as a gas dis- 
charge tube or a semiconductor device such as a 
SIDAC in series with a resistance element, preferably a 
non-linear resistance element, such as a varistor or 
Zener diode, to limit the amplitude of voltage transients 
applied to electrical equipment being protected. The 
breakdown device breaks down when a sufficiently 
high amplitude voltage transient is applied thereto, and 
the resistive element serves to protect the breakdown 
device from damage by excessive follow-on current If 
a non-linear resistance device is used as the resistance 
element, the voltage across the combination is reduced 
at high currents. Several units may be cascaded to 
achieve sequential breakdown of multiple devices to 
thereby share the surge current among several devices 
and to reduce the dynamic impedance of the circuit and 
to multiply power dissipation capacity of the transient 
voltage surge suppression system. 

16 Claims, 6 Drawing Figures 



46 < 




08/19/2004, EAST Version: 1.4.1 



U. S. Patent Jun. 30, 1987 



Sheet 1 of 2 4,677,518 



16< 



T 



!6< 




400 - - 



300 -- 



VOLTS 200 -- 20 



I00-- 




30'~j 







—I 1 1 1 1 1 1 1 I h- 

0 I 2 3.4 5 6 7 8 9 10 11 12 13 
TIME -MILLISECONDS 



52 JF*3*4 
1 — nms^- 



46 < 



or 



[J- 



-J i h II ti i 

V V V V 



60 



Or* 



62^± 



08/19/2004, EAST Version: 1.4.1 



U.S. Patent Jun.30,1987 Sheet2of2 4,677,518 




08/19/2004, EAST Version: 1.4.1 



4,677,518 

1 2 

ponents so that larger transients may be effectively 

TRANSIENT VOLTAGE SURGE SUPPRESSOR suppresed without damaging the components; 

It is yet another object of the present invention to 

BACKGROUND OF THE INVENTION provide a transient suppression system that utilizes a 

A F* Id of the I v tio 5 brea ^ down device in series with a non-linear resistance 

This invention related generally to electrical transient de r v 4 icc t0 P r °l de ™V™* *™ sient suppression, 

x ««> mvciiiiuii icitti^ 5 ciiciaiiy iu cicwuic*u umimhu. I( {$ t another object of the lnve ntion to provide a 

vokage surge suppression or energy absorbing devices, ^ transient suppressor that utilizes a F p iurality 
and more particularly to transient suppression systems of ^* omtiM combinations of breakdown devices 
that utilize a combination of transient suppression e e- 10 ^ non .iinear resistance devices connected in cascade 
ments including negative resistance breakdown ele- to a manner so M t0 snare the transient energy mMg 
ments such as gas discharge tubes and semiconductor the <j ev i ces provide a suppression system having a 
breakdown devices, and non-linear resistance elements, lower dynam i c resistance in which the dissipation ca- 
such as varistors or Zener diodes, to provide improved pacitv may ^ accurately controlled, 
transient suppression. 15 It is yet another object of the invention to use series 
B. Description of the Prior Art connected non-linear devices to limit the follow-on 
Various transient suppression circuits are known. current of the power source. 
Among these are triggered or breakdown devices some- 
times known as negative resistance devices that include, DESCRIPTION OF THE DRAWING 
for example, gas discharge tubes and semiconductor 20 These and other objects and advantages of the pres- 
voltage controlled switches such as a two-terminal de- ent invention will become readily apparent upon con- 
vice known as a SID AC. Such breakdown devices have sideration of the following detailed description and 
the characteristic that when the voltage applied across attached drawing, wherein: 

their terminals exceeds a predetermined breakdown FIG. 1 is a simplified schematic diagram illustrating 

voltage or trigger voltage, the device switches to a 25 the operation of the system according to the present 

conductive state wherein the resistance decreases and invention; 

the voltage across the terminals of the device is substan- FIG. 2 is a graph illustrating the transient response of 

tially reduced. The non-linear resistance elements, the circuit illustrated in FIG. 1; 

wherein the resistance is a function of applied voltage FK3K 3 is an alternative embodiment of the circuit 

and current, include Zener diodes, selenium stacks, 30 illustrated in FIG. 1; 

voltage-dependent resistors and varistors. Such non-lin- WO. 4 illustrates a multistage version of the transient 

ear resistance elements have a dynamic resistance lo- suppression circuit according to the present invention; 

grithmically proprotional to the current density within . FI ?- 5 .is a graph illustrating the transient response of 

the device. These characteristics vary between devices. the circuit of FIG. 4; and ^ 

For example, the dynamic resistance of the Zener diode 35 r Fia * ls a circuit ? ia « ram of a P rac * cal embodiment 

varies such that the clamping voltage of the device f trans,ent suppression system according to the inven- 
remains substantially constant over a wide range of 

current densities. Thus, since the voltage across such DETAILED DESCRIPTION OF THE 

non-linear resistance devices tends to rise more slowly PREFERRED EMBODIMENT 

than the voltage across a linear resistance such devices the drawing , ^th particular atten- 

have also been used and are preferred as transtent sup- ^ (0 no » t „ ^ient surge suppressor according to 

pr ?f^M S ' „ , iL , j j • the invention utilizes a breakdown device, for example, 

While all of the above-descnbed devices do operate digch tube u connected ^ ^ ^ a n K on . 

as transient suppressing devices, for the family of nega- 45 lingar rgsistance elementf guch ^ for { a y ^ 

tiyc resistance devices, once a breakdown device is t0f 14 ^ seric s^onnected elements 12 and 14 are 

triggered by a transient, its voltage drops substantially, connected ^toss a pair of lines to be protected, such as 

for example, to 15 volts for a gas discharge tube, and on a power main 16. 

the order of 2 volts for a semiconductor device. If this Assuming that'the power main 16 is a 120 volt RMS 

breakdown voltage is lower than the voltage of the 50 AC 60 _ cycle power main> ^ peak voltage applied 

source to which it is connected, the device will continue across ^ series combination of the gas discharge tube 

to draw current, known as follow-on current, after the n and the va ristor 14 is 120 volts times the square root 

transient energy has been absorbed. Such follow-on 0 f tw0> or approximately 170 volts. Thus, the compo- 

current may be of sufficient amplitude to destroy the nent va lues of the gas tube 12 and the varistor 14 should 

device and trip a circuit breaker. The family of non-lin- 55 ^ chosen such that the gas tube 14 is not triggered by 

ear resistance elements, without negative resistance the peaks of the line voltage. Thus, if a gas discharge 

characteristics have the disadvantage that, despite their tube having a trigger voltage of 145 volts is selected as 

non-linear voltage characteristics, the voltage across the gas discharge tube 12, and a varistor having a nomi- 

such devices does tend to rise at high current. levels: nal voltage of 100 volts, such as for example, the ERZ- 

SUMMARY OF THE INVENTION 60 C»E>K101 manufactured by Panasonic, is used as the 

varistor 14, the series combination will not be triggered 

Accordingly, it is an object of the present invention by the 170 volt peaks of the alternating current wave, 

to provide a multicomponent transient suppression sy9- However, if a transient appears on the line 16, such as a 

tern that overcomes many of the disadvantages of the transient illustrated by the line 20 (FIG, 2), the gas 

prior art transient suppressors. 65 discharge tube 12 will trigger when the voltage across 

It is another object of the present invention to pro- its terminals exceeds 145 volts, which corresponds to 

vide a transient suppression system wherein the power approximately 245 volts across the series combination 

generated by a transient is shared among multiple com- of the tube 12 and varistor 14, as is illustrated by the 
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point 22 of FIG. 2. When the gas discharge tube 12 dependent resistor, all of which are generally desig- 

triggers, the gas in the tube ionizes, the negative resis- nated by the reference numeral 34, may be used in place 

tance phenomenon occurs and the voltage across the of the varistor 14. If desired, a resistor 36 may be placed 

tube drops to the glow voltage, nominally about 60 to in series with the solid state devices to control the cur- 

75 volts. This reduces the voltage across the series com- 5 vature and rate of rise of voltage across the dynamic 

bination to about 160 volts, as illustrated by the plateau resistance, whose curve is indicated in 26, 28 and 30 of 

24 in the graph of FIG. 2. FIG. 2. Resistor 36 also provides protection for the 

As the current through the discharge tube 12 in- solid state devices, 
creases further, the tube is driven into its arc mode The operation of the circuit illustrated in FIG. 3 is 
wherein the voltage across its terminals drops further. 10 similar to the one illustrated in FIG. 2, with the shape of 
Typically, the arc mode voltage or arc voltage of a gas the transient response curve being similar to the curve 
discharge tube is nominally IS volts, and the voltage illustrated in FIG. 2; however, the voltages of the van- 
across the series combination is then reduced to approx- ous transition points will be different, and will be depen- 
imately 1 15 volts as is illustrated by the point 26 of FIG. dent upon the breakover point of the SIDAC 32. The 
2. 15 breakover point of a SIDAC can be controlled over a 

As the transient continues and the current through wide range of voltages; however, a breakover voltage 

the gas discharge tube 12 and the varistor 14 increases of on the order of 180 volts would be suitable for use 

due to its dynamic resistance, the voltage across the with 120 volt AC power main, 

varistor 14 will increase, first at a fairly gradual rate, . When a SIDAC breaks over, there is no intermediate 

and then more rapidly as the current through the vans- 20 region such as the glow region 24, but rather, the device 

tor 14 increases. This results in a gradual increase in the switches directly to its maximum conduction state. The 

voltage across the combination, as is illustrated by the on state voltage of a SIDAC is on the order of 2 volts, 

curve 28 of FIG. 2. This voltage will continue to rise to Thus, the lack of an intermediate glow voltage, and the 

a maximum point 30 which is determined by the maxi- fact that the 2-volt forward conduction voltage drop is 

mum current produced by the transient. Once the tran- 25 lower than the 15 volt arc voltage of a glow discharge 

sient energy has been dissipated, the current through tube will affect the specific shape of the transient curve; 

the gas discharge tube produced by the power line however, the general shape of the curve will still be 

voltage will drop below the level necessary to sustain similar to the curve illustrated in FIG. 2. 

ionization. Also, since a substantial portion of the power As previously stated, in some instances it is desirable 

-line voltage will appear across the non-linear resistance 30 to use multiple stages of suppression in the event that 

device, the voltage present across the gas discharge one stage is not sufficient to protect the circuitry being 

tube will be below the voltage needed to sustain con- protected. One embodiment of such a multiple-stage 

duction. Thus, the discharge tube will switch to its system is illustrated in FIG. 4. In the system illustrated 

nonconductive state; and because the values of the volt- in FIG. 4, a gas discharge tube 42 is connected in series 

ages of the discharge tube and the varistor have been 35 with a varistor 44. The gas discharge tube 42 and the 

chosen such that the peak of the line voltage will not varistor 44 may be similar to the respective gas dis- 

cause the discharge tube to be triggered, the tube will charge tube 12 and the varistor 14 of FIG. 1. The series 

remain nonconductive until the next transient occurs. combination is connected across a line 46. A second 

Similar operation will occur when a SIDAC or other stage including a gas discharge tube 48 and a varistor 50 

•similar device is used as a breakdown device and when 40 is coupled to the first stage by means of a waveform 

:another device is used as the non-linear resistance ele- integration circuit to provide a rise time delay network 

ment. However, the values of the devices must be se- including an inductor 52 and a capacitor 54. Other 

lected so that the peak of the line voltage waveform, stages may be added as required, with a typical addi- 

when applied to the series combination of the break- tional stage being a series-connected combination of a 

down device and the non-linear resistance element, is 45 discharge tube 56 and a varistor 58 that is coupled to the 

insufficient to cause the breakdown device to switch to prior stages by an inductor 60 and a capacitor 62. 

its conductive state. The resistance of the non-linear The transient response of a multistage system such as 

resistance device is chosen to limit the current flowing the one illustrated in FIG. 4 is illustrated in FIG. 5. 

through the breakdown device to a level below that Whenever a transient occurs, the voltage across the 

required to make the breakdown device remain conduc- 50 device increases as is illustrated by the line 70 until the 

tive after the transient has passed. gas discharge tube 42 triggers at point 72 due to its 

If the maximum voltage 30 can be tolerated by the negative resistance characteristics. The voltage then 

equipment being protected, then a single-stage circuit drops to a voltage 74 during the glow mode of the 

such as the one illustrated in FIG. 1 is sufficient to discharge tube and then to a voltage 76 when the arc 

protect the equipment. However, if the equipment can- 55 mode is reached. As the transient current increases due 

not tolerate a voltage as high as the voltage 30, then to the dynamic resistance of the varistor, the voltage 

additional protection must be provided. Such additional rises along the line 78. The portions 70, 72, 74, 76 and 78 

protection can take the form of additional stages similar of the graph of FIG. 5 correspond to the respective 

to the stage illustrated in FIG. 1, as will be discussed in portions 20, 22, 24, 26 and 28 of the graph of FIG. 2. 

a subsequent portion of the specification. 60 Again due to the dynamic resistance of the varistor the 

While the circuit illustrated in FIG. 1 utilizes a gas voltage continues to rise along the line 78, the device 48 

discharge tube 12 as the negative resistance breakdown breaks down at a point 80 and goes through its glow 

device and a varistor 14 as the non-linear resistance mode and its arc mode, thus resulting in voltages 82 and 

device, other components may be used. For example, a 84. As the current continues to increase, the voltage 

solid state device, which may be a bi-directional switch 65 across the suppressor continues to increase along the 

such as a SIDAC 32, may be used instead of the gas line 86. If the current caused by the transient is suffi- 

discharge tube 12. Another non-linear resistance device cient to raise the voltage to a point 88, the gas discharge 

such as a Zener. diode, a selenium stack or a voltage tube 56 will enter the negative resistance mode. This 
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brings the voltage down again as the discharge tube 56 inductors formed by a plurality of ferrite beads disposed 

goes through its glow mode, which corresponds to the on the lines interconnecting the Zener diodes with the 

plateau 90, and into its arc mode which corresponds to previous stages. A fuse 134 protects the device from 

the point 92. The process continues as is illustrated by damage in the event of excessively high transients or 

the curve 94 until either the energy in the transient is 5 other circuit abnormalities such as, for example, short 

dissipated or all stages in the suppressor are triggered. circuits at the output of the protection circuit. 

In order to obtain efficient dissipation of the transient in operation, and under normal line conditions, none 

energy, it is necessary to assure that the triggering of a 0 f the devices in the transient suppression system are 

discharge tube in a subsequent stage does not extinguish triggered. However, in a manner similar to that of the 

the already triggered discharge tube of a previous stage. 10 circuits previously discussed and graphically illustrated 

If this were to occur the transient energy would not be j n piG. 5, as the transient voltage rises above the trigger 

shared among the various elements, and could damage voltage of the discharge tube 106, the voltage across the 

thesubsequent stages. . ■ discharge tube 106 drops, thereby dropping the voltage 

The proper sequential triggering of successive break- across ^ e combination of the discharge tube 106 and 

down devices is accomplished by making the voltage 15 the varistor n0 As ^ transient continues> ^ voltage 

that corresponds to the arc mode voltage across each across the combination continues to rise, and after being 

succeeding senes-connected stage higher tfian the cor- delayed by the ^0^^ ofthe capacitor 118 and the 

responding voltage : for ^previous stage For example, inductors fonned b the ferrite beadfi m ^ U6 the 

the voltage at pomt 84 (FIG 5) is greater than the volt- device 108 ^ ^ use of ferrite bead$ form ^ 

age at pom 76, and the voltage at point 92 is greater 20 delaying inductors is particularly advantageous because 

thai .the voltage at pomt 84. This assures simultaneous such y fe ^ te beads do P not under * h ^ 

Z?d^ n «nt ^ioJ^Sf^ S ! 8 The inductance of the inductors formed by the beads 

stage does not extinguish a previous stage, thereby as- m d u6 d ^ of the ' ii0T m m 

suming simultaneous conduction, and is accomplished „ ,J™\ „T*u JT rlu , 1 ;? 

by making the nominal voltage of the varistors used in 25 * rcduce *e steepness of the wavefront of the 

succeeding stages higher than the voltages ofthe varis- ««» ^ gently to permit the gas discharge 

tors used in the previous stages. For example, a varistor * be ?°* 10 Are before overshoot occurs. Any remaining 

having a nominal voltage of 100 volts can be used as the T^f^*^** ^tof tfac second stage is 

varistor 44 (FIG. 4), and a 120 volt varistor used as the ***** by the "iductors formed by the ferrite beads 

varistor 50, with subsequent varistors each having a 30 130 * 2 and apphed to the Zener diodes 128 The 

slightly higher voltage rating. Also, the electrical char- ^ ? lodes «ve ]° the amplitude of any 

acteristics of the gas discharge tubes may be altered to remaming transients and to reduce the dynamic impe- 

achieve this condition, and different devices could be dan ^ c of "J e svstem * . . ' . 

used in the different stages. For example, a gas dis- Obviously, many modifications and variations of the 

charge tube may be used as the breakdown device in 35 P rescnt invention are possible in light of the above 

one stage while a SIDAC may be used in another. Also, teachings. Thus, it is to be understood that, within the 

other combinations of various breakdown devices, Ze- sco ^ of toe appended claims, the invention may be 

ners, varistors and resistors can be used, depending on practiced otherwise than as specifically described 

the application. above - 

Referring to FIG. 6, there is illustrated a practical 40 What is claimed and desired to be secured by Letters 

multistage transient suppressor according to the inven- Patent of United States is: 

tion. The system includes an input connector, which A transient surge suppression system comprising: 

may conveniently be a male three-prong grounded plug a pair of input terminals; 

102, and an output connector which may be a matching a ft* 5 * discharge tube connected in series with a 
grounded outlet. The circuit illustrated in FIG. 6 em- 45 resistance device to form a first series combi- 
ploys a pair of gas discharge tubes, for example, a pair nation coupled between a second pair of terminals 
of 145 volt gas discharge tubes 106 and 108. A varistor, providing a single electrical conduction path there- 
preferably a 100 volt varistor, such as, for example, a between, said second pair of terminals being con- 
Panasonic ERZ-C20 DK100 varistor, is used as the nected across said input terminals; 
varistor 110 and is connected in series with the gas 50 a second gas discharge tube connected in series with 
discharge tube 106, Another varistor, having a higher * second resistance device to form a second series 
nominal voltage, such as, for example, a 120 volt varis- combination coupled between a third pair of termi- 
tor such as the Panasonic ERZ-C20 DK121 is con- nals providing a single electrical conduction path 
nected in series with the gas discharge tube 108. The therebetween; 

two stages are coupled together by a pair of wires hav- 55 an integrating delay circuit coupling said second and 

ing a plurality of ferrite beads 114 and 116 disposed third pairs of terminals wherein at least one termi- 

thereon to form an inductance. The inductance cooper- nal of said second pair of terminals is connected in 

ates with a capacitor 118 to delay the transient voltage common with one terminal of said third pair of 

rise time applied to the discharge tube 108 in order to terminals; and 

prevent overshoot that could be caused by a transient 60 a pair of output terminals electrically coupled to said 

having a steep wavefront. A pair of capacitors 120 and third pair of terminals. 

122 shunt the respective discharge tubes 106 and 108 to 2. A transient surge suppressor as recited in claim 1 

prevent false triggering of the discharge tubes. Other wherein the values of said gas discharge tubes and said 

transients, noise and extraneous signals on the lines are resistance devices are selected to prevent holdover 

shunted to ground by a pair of capacitors 124 and 126. 65 current 

A final stage comprising four bi-directional Zener di- 3. A transient surge supression system as recited in 

odes 128, which may be, for example, 200 volt Zener claim 1 wherein said first resistance device is a non-lin- 

diodes, are coupled to the previous stages by a pair of ear resistance device. 
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4. A transient surge suppression system as recited in 
claim 3 wherein the other of said first and second resis- 
tance devices is a non-linear resistance device. 

5. A system as recited in claim 3 wherein one of said 
first and second resistance devices is a Zener diode. S 

6. A transient surge suppression system as recited in 
claim 3 wherein one of said first and second resistance 
devices is a selenium stack. 

7. A transient surge suppression system as recited in 
claim 3 wherein one of said first and second resistance 10 
devices is a voltage variable resistor. 

8. A transient surge suppression system as recited in 
claim 1 wherein said second resistance device has a 
resistance higher than the resistance of said first resis- 
tance device. 15 

9. A transient surge suppression system as recited in 
claim 1 wherein said integrating delay circuit includes 
an inductor and a capacitor. 

10. A transient surge suppression system as recited in 
claim 9 wherein said inductor includes a ferrite bead. 20 

11. A transient surge suppression system as recited in 
claim 10 wherein said first resistance device is a varis- 
tor. 

12. A transient surge suppression system as recited in 
claim 11 wherein said second resistance device is a 25 
varistor. 

13. A transient surge suppression surge as recited in 
claim 1 wherein said system includes a third gas dis- 
charge tube connected in series with a third resistance 
element to form a third series combination interposed 30 



8 



between said second series combination and said output 
terminals. 

14. A transient surge suppression system as recited in 
claim 13 furthur including a second integrating delay 
circuit coupling said third series combination to said 
second series combination. 

15. A transient surge suppression system as recited in 
claim 14 wherein said second integrating delay circuit 
includes a second inductor and a second capacitor. 

16. A transient surge suppression system comprising: 
a pair of input terminals; 

a first SIDAC device connected in series with a first 
resistance device to form a first series combination 
coupled between a second pair of terminals provid- 
ing a single electrical conduction path therebe- 
tween, said second pair of terminals being con- 
nected across said input terminals; 

a second SIDAC device connected in series with a 
second resistance device to form a second series 
combination coupled between a third pair of termi- 
nals providing a single electrical conduction path 
therebetween; 

an integrating delay circuit coupling said second and 
third pair of terminals wherein at least one terminal 
of said second pair of terminals is connected in 
common with one terminal of said third pair of 
terminals; and 

a pair of output terminals electrically coupled to said 
third pair of terminals. 
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